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Abstract 
Sago powder was grafted with acrylonitrile monomer in portion of 0.5, 1.5, 3.0, and 5.0 mol/AGU. The final amino-functional 
starch (ANS) was characterized by Fourier Transform Infrared (FTIR) analysis to observe the emerging of several significant peaks 
to verify the grafted cyano- (CN-) functional group. The degree of substitution (DS) and particle’s stability of the ANS was 
determined by elemental and zeta potential analysis respectively. The relative DS of the acrylonitrile grafted onto starch with 
respect to the particle surface area indicated that, as the concentration of acrylonitrile increased, the degree of substitution / surface 
area (DS/SA) also increased. The process also reduced the particle size as the concentration of acrylonitrile increased. The optimum 
concentration obtained was 3.0 mol/AGU which shows strong band at wavenumber 2422 cm-1 representing the presence of high 
cyano (CN-) functional group in ANS as compared with other types of ANS.  
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1. Introduction 
     Carboxylated nitrile Butadiene Rubber (XNBR) latex is a synthetic latex which is synthesized via emulsion 
polymerization of 1, 3 – butadiene, methacrylic acid, and acrylonitrile in the presence of emulsifier.1,2 The latex are 
used to produces a latex thin film articles such as gloves, balloon, and condoms. The used of this material are due to 
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the people’s awareness on the severe effect of latex protein allergy associated with natural rubber latex (NRL) as well 
as nitrosamine triggered compound in NBR which cured using sulfur vulcanization process.3 However, due to its 
inertness towards chemical and biological activities, the materials are hard to be degraded upon disposal3. This 
problem contributes towards increasing of solid waste disposal by time. Thus, a combination of biodegradability 
materials with synthetic latex such as starch stands as a solution towards the problems. 
The used of starch in synthetic latex materials had caught much interest as it provides several added value for the 
final synthesized products.5,6 This includes the most anticipated properties which are the biodegradability.7 However, 
due to the nature of starch, which is highly hydrophilic, an agglomeration of starch paste was expected if direct addition 
was made into latex materials. This agglomeration causes a separation of starch-matrix phase in the final fabricated 
composite materials.8, 9 Moreover, in utilizing starch as a biodegradable fillers, it is important to ensure that the starch 
is homogeneously disperse in the targeted matrix.  
The used of aminofunctional starch (ANS) in XNBR latex compounding has proven its ability to promote 
biodegradation process of carboxylated nitrile butadiene rubber (XNBR) latex film.7  Even though high colloidal 
stability could be achieved due to molecular repulsion between ANS and XNBR colloidal particle, decrease in 
ANS/XNBR latex film strength was observed.  This is due to the intervention of the bulky glucopyranosyl group in 
polysaccharide macromolecular chain towards the conventional crosslinking of XNBR macromolecules through ionic 
zinc oxide and mono- / polysulfidic linkages. As a result, low tensile strength, but higher elongation at break of 
ANS/XNBR latex films was obtained with low modulus of latex films.7  
Apart from the intervention of the bulky glucopyranosyl group in polysaccharide macromolecular chain, the final 
properties of ANS/XNBR latex films also depends on the homogeneous dispersion of ANS in the XNBR compound. 
By manipulating the repulsion forces of ANS and XNBR macromolecules to produces homogeneous compound, the 
strength of ANS repulsion depends on the concentration of the acrylonitrile which are successfully grafted on the 
starch main chain10. Thus it is important to determine the optimum concentration of acrylonitrile to be used as grafted 
monomer during synthesis of ANS. This is important due to high concentration of acrylonitrile used during synthesis 
will leads into formation of homopolymer of polyacrylonitrile instead of acrylonitrile-grafted-stach.11 Higher 
concentration of acrylonitrile or polyacrylonitrile also may affect the stability of ANS/XNBR latex compound. 
Thus, the degree of substitution (DS) of the ANS need to be optimized as it plays an important role in stabilizing 
the particle in the intended matrix. This property can be evaluated by obtaining the zeta-potential of the particles 
involved and the effect of DS of acrylonitrile on the compound stability will be investigated. In this research, 
carboxylated nitrile butadiene rubber (XNBR) latex are used as the composite films matrix. In order to increase the 
homogeneity of starch dispersion in the final dipped latex film, starch was modified by grafting acrylonitrile monomer 
into its polymeric chain.  Grafting acrylonitrile (ACN) in the starch backbone chain was postulated to increase the 
molecular repulsion between XNBR colloidal particles and the other starch grafted acrylonitrile (St-g-AN) 
macromolecules. As the molecular repulsion increases, the agglomeration of starch could be prevented and hence 
increased the homogeneity of the starch dispersion in the latex compound. 
2. Methodology 
2.1. Materials 
The XNBR latex used, X6322, was supplied by Synthomer (M) Sdn Bhd. The properties as received were; 45.0 
% total solid content, pH of 8.2, the viscosity of 30 mPa.s and the surface tension of 29.3 mN/m. The ANS was 
synthesized according to method established from previous study7 with little modification. The acrylonitrile content 
was varied from 0 (control), 0.5, 1.5, 3.0, and 5.0 Mol/AGU and the pH of acrylonitrile used is 1.5 after purification 
process and was determined by pH meter SI analytics Lab 850 (Mainz, Germany).  
 
2.2. Sample characterization 
ANS was characterized by Fourier Transform Infra Red (FTIR) machine, Perkin Elmer Spectrum One 
spectrometer (Shelton, USA) to identify the formation of cyano (CN-) group presence in the purified ANS sample 
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against control starch. The scan was performed in the range of 550 cm-1 to 4000 cm -1 with a resolution of 0.5 cm-1. 
Each sample was scanned for four times. 
2.3. Degree of substitution 
DS of the final product were determined by elemental analysis Perkin Elmer (II) 2400 CHNS/O machine (Waltham, 
USA). 2 mg of sample was weighted and transferred into a tin capsule. Prior to combustion, nitrogen gas was purged 
for 8 minutes to provide an inert environment in the combustion chamber. The DS calculation was carried out 
according to Heibeish et al. (1978).12 The procedure was repeated five times and the mean value of each element 
presented was used for calculation. Prior to the test, both samples were heated in a vacuum oven for 24 hours at a 
temperature of 50˚C and stored in a desiccator with presence of silica gel. The exposure of the sample to the open air 
was minimized to avoid an interaction with water vapor in the air. 
2.4.  Colloid stability test 
     ANS was dispersed in distilled water to a concentration of 10 % by weight. Raw XNBR latex was diluted to 0.1 
% by weight in distilled water. Both of the specimens were used as a reference for the ANS/XNBR latex dispersion. 
The ANS/XNBR latex dispersion was diluted with distilled water to 0.1% by weight and all the specimens were 
subjected to sonication to achieve a homogeneous dispersion. The zeta potential for all specimens was analysed 
using the Malvern (TM) Zetasizer (Worcestershire, UK). 
2.5. Statistical analysis 
The statistical analysis was carried out using ANOVA in the data analysis package of Microsoft Excel 2007. The 
mean values related to a particular parameter are not significantly different at α = 0.05 confidence level. 
 
3. Results and discussion 
3.1. Sample characterization – FTIR analysis 
For starch, the peaks which represent its functional group lies in three major regions; 3600 – 3000 cm-1 (purple 
region), 1700 - 1600 cm-1(soft blue region), and 1200 – 900 cm-1(green region) which indicate the presence of OH- 
stretching, C-H stretching in CH2- (starch main chain/Acrylonitrile functional group)  and CO- stretching respectively. 
Meanwhile, for ANS the regions are; 3000 – 2800 cm-1 (orange region), 2450 – 2000 cm-1 (pink region), and 1450 – 
1350 cm-1 (yellow region) which representing the stretching of CH-, CN-, and  CH- functional group in acrylonitrile 
functional group.13,14,15 
By referring to Fig. 1, it shows that as the grafting process occurs, the emerging of peak at 2242 cm-1 was observed. 
This peak became more apparent in ANS 3.0 (ANS with modification of acrylonitrile in portion of 3mol/AGU) 
indicating higher presence of cyano group grafted onto starch main chain. As the concentration of acrylonitrile 
increased to 5.0 (ANS 5.0), the peak intensity becomes almost similar with ANS 0.5 and ANS 1.5. This indicates that, 
at higher concentration of acrylonitrile, the monomer tends to react among themselves rather than forming a grafted 
functional group with starch molecular chain.17  
According to the grafting scheme of acrylonitrile on starch as shown in Scheme 1, the reduction of OH- group in 
starch macromolecules is significant. This can be verified as depicted in Fig. 1 which shows that at peak 3600 – 3200 
cm -1 the broadness of the peaks lessen as grafting process occur. For ANS 3.0, the peak is almost flat compared with 
other ANS owing to the high grafting efficiency achieved by the materials during the modification process. 
The formation of peak at 2860 cm-1 indicates the stretching of methyl groups in the starch aliphatic chain. This 
event indicates the existence of molecular interaction between the starch main chain and acrylonitrile monomer which 
is further supported by the significant appearance of peak 1020 cm-1 compared to control starch. For ANS 3.0, 
aforementioned peak was shifted from 1020 cm-1 to 1112 cm-1 (highlighted in yellow region) which indicates that 
better interaction between acrylonitrile and the starch main chain.  
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As for the peak at wavenumber 1660 cm-1, the peak represents the C-H bonding in starch AGU8 and possible 
overlapping detection in ANS itself. By referring to ANS 3.0, the peak intensity increases compared with control and 
ANS 0.5, 1.5, and 5.0. This shows that the significant increase in CH2- group as acrylonitrile monomers were grafted 
implying higher percentage of grafting.   
  
 
PS*= Starch free radicals 
 
Scheme 1: Mechanism of grafting acrylonitrile on starch molecules with ceric ion as free radical initiator.13 
 
 
Fig. 1. FTIR spectra for all samples with respect to the concentration of acrylonitrile used for ANS. 
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3.1. Degree of substitution and particle stability analysis 
According to Table 1, the degree of substitution reduces as the concentration of acrylonitrile increases. This is due 
to the reduction of particle size during grafting process. As the size of particles reduced, the presence of grafted 
acrylonitrile also relatively reduced. Thus, by assuming that the particles are equivalent to a sphere, the relative degree 
of substitution with respect to the surface area of the particles could be calculated. As shown in Table 1, the DS/surface 
area (DS/SA) increases as the concentration of acrylonitrile increases. The reduction of the particle size is due to the 
amylose content which was leached out during the gelatinization process from the starch granules. This process makes 
the starch granules shrink and further addition of acidic acrylonitrile monomer bleached out the outer surface of the 
starch granules16. As the concentration of acrylonitrile increases, the acidity of the dispersion increased and further 
reduced the size of the particles.  
 
Table 1. The effect of ANS addition on XNBR latex compound zeta potential. 
mol/AGU, mol Degree of substitution Particle size, μm DS/surface area, μm-2 Zeta potential, mV 
Control starch 0.00 0.419 ± 0.26 0.000 -3.74 
0.5 0.029 0.290 ± 0.027 0.110 -4.74 
1.5 0.022 0.209 ± 0.028 0.160 -10.0 
3 0.017 0.108 ± 0.025 0.464 -12.7 
5 0.016 0.134 ± 0.041 0.284 -10.3 
 
As the surface of the granule was leached out, the inner side of the granules which is the starch main chain was 
exposed making it feasible to be grafted. As for ANS 3.0, the DS/SA was the highest owing to the size of the granules 
which is the smallest compared to the other ANS and control starch. This could be due to the grafting process has 
reached to its optimum stage. At higher concentration of acrylonitrile (ANS 5.0), the reduction of DS/SA compared 
to ANS 3.0 could be due to the formation of homopolymer of polyacrylonitrile. This is due to the amount of initiator 
used is similar in all ANS formulations.  As suggested by Gugliemelli17, the increased amount of initiator relative to 
the increase of acrylonitrile is needed to increase the DS of final products.    
As for the particle stability, the increases of zeta potential are proportional with the DS/SA of the ANS. Thus, apart 
from the molecular repulsion that exists between ANS and XNBR, the stability of ANS also depends on the size of 
the ANS particles.3  
 
4. Conclusion 
Acrylonitrile concentration in the synthesis of starch grafted acrylonitrile affect the stability of the final product. 
As the concentration of acrylonitrile was increased, the reduction in particle size was observed. This reduction was 
due to the amylose being leached out during gelatinization process. Further increase in acrylonitrile concentration 
increased the acidity of the compound which further leached the surface of the starch granules and makes it more 
feasible to be grafted with acrylonitrile. From the study, optimum DS obtained for ANS was at 3.0 mol/AGU. This 
was confirmed by the strong –CN stretching band in FTIR spectrograph compared with other ANS.  
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